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‘1’lIQ M artia Il satellites, l’hobos and l)cilnos,  MQYC  disc.civcr[~l  jl~ 1877 I)y Asa])lI
IIall. ‘1’l)ey move  ill c lose,  ]Icarly circular  orbits sligl]tly  illclill(d h tlIc Ivfartiall

equator.  ‘J)hcjr  prillcipa] orbital pcut,ulbatimls arc duc to the JI()]l-s])ll(’]iciil  llaturc
of the M artiall  gravity fic]d, but  i,lIc.y a] c also significantly afl’cctd  l)y solar ])CI-
turbatio]]s.  l’la]lctayy pcrt,urhations,  holvcvcr, are ncgli~ih]c,  alId because of their
s]nall ]IIasscs,  Ijllcir ]Ilutual perturbations arc]lcgligildc  as well. ‘1’hcstudics  ofthcir
II]otio]ls fmlll ol~scrvations  havdoulld  cv; clcncc of a Sf?CUli\l  ac(-eleratioli  ill 1’1101)0s’
orbjt.  A  sjlnilar ac.cclmation  in lkimos’ orlit i s  suggcstc(] 1)11( IIIUCII  less ccrtaill.
Sllar])lcss  (1945) dctcrminwl  such  alargcvaluefo]  1’1)01)0s’ accclmaiio~l  that it i]]k
])liccl all illl])ac.t  with Mars witllill  a fc.w tcIIs of 3\lillioIls of years. OIIC cx])lallatioll
for IIIQ source  oftlIat acc.c]cratjoll  (atlnosphcric  (lragolI  lIollo\v  l)odim) lcd totlIc
spcc.ulatio]] t,llat tllc Martian satc]litcs  wcrcjll  fact artificial I)odics  (Shklovs]iii  aIId
Sagan, 1966).  l’crhaps  it is thcrcforc  approl)riatr  to co]lsidcr  clllploying  artificial
satellite theory  to dcscrihc I,hcir orbil,  s.

Since their discovery a number  of tllcorics lIavc  lmclI dcvelo])cd  to rc])rcscnt
t h e  satc]litcs’ orbjtal  IIiotions. ‘1’hcse car]y theories wcw ]Jrjlllarjly killcmatica]  in
IIaturc,  IImvcvcr , Sinclair (1972) c.rcatcd a clynalllical  theory. Sinclair’s work was
iIlspircd  by tlIc artificial satc]litc  theory  of llrou~vcv (1959)  altlIou#I  his varjatjoIl
of paralnd)cm  a])])roach more closdy  matclld Kozai’s  (1959,  1962) a])])roacll  ratllcr
t,lIaII  that of  IIrouwc]  WIIO f a v o r e d  the VOII Zci]}d tcdlniquc.  Artjficjal sat,cllitc
thcoI.y has tllc l’;arth’s  (plalld’s)  equator as its rdcrcllcc  l)lalic, 1 I Owcvcl’, Wllcw the
M artiam equator js used with the Martial]  sat,cllitcs,  la.rgc ])crjodic  ]wrturl)atio~is
duc to tllc SulI appear in the inclinations and nodes , ~s])c(:ially  for ])cimoso  Sillc]air
found that by lnoclifying the tlIeory and referring t]lc clclIIclIls  to Illc IJa])lacjan
plal~cs (I,a])lacc,  1805;  l)oblovolskis,  1993), those  ])cltllrl)~ltjolls  could be avojdcd.
‘1’lIc saldlitc  orbits  prccess allnost  unii”ornjly  on 1 IIC l,a])lacial}  I)lancs  bccausc  tllc
latter arc ddillcd  suc]l  that the periodic ])cltllll)atit)lls  duc to tlIc Martian oljlatclIcss
a]ld Sul I just-  cancel cad) other, lIIcludcd  ill tlIc theory is a srculal  acceleration
terln  in tllc satellites’ lOIIgillUdCS  to account  for aIIy cIIaIIgc  iu i IIC satc]litcs’ IIicam
ltlolio]ls.  ‘J’IIc slna]l OIMCIWCC1  accclcratioll for I’IIoI)os  is currcIItly attril)utcd  to tlIc
gravitat,io~}al  at,t,ractjo])  of tlIc tidal hulgc Iaisd by it, 011 h4am,  No stat is t ical ly
sigl)ifica]lt  accclmat,  io]l has yet l)ccII  observed fol l)eilnos. Sinclair later cx])aIldd
his tlIcory (Sinclair, 1989) to include a few II1OIC tmIns,  m])ccially  a ])rcvious]y
overlooked long pmiod lmlgitudc  term pt)intcd  OIIt by llorIi a IId 1 )uxbury  (1975).
‘J’llis t,crIIl  lIas a. 115 km alll]ditudc  for l)ci Inos and is all ordcI of IIlagllitudc greater
tllali tlIe Itcxt  ]argcst  periodic pcrturbatioll. ‘J’lIe  tiIcory at this ])oillt  was cwti]llatcd
l,o IIavc all ac.curaq  Letter thalI 500 in fol l)llobos and 1 kIIl for IJcilllos  hascd oI~
a colil])arisol)  with IIulncrical  intcgratio]l  over 4000” days.

h40rlcy (1990) cxtcIIdcd Sinclair’s wojk by illclcasillg tlIc accuracy  of tlIc tcrllls
dcscrjbing  tfhc secular and ])crioclic pcrturhatjons  and hy adding  ]){’Itltll)atioIls  due
to I,lIC tcsscral  IIarlnonics of Illc Mars gravity field, slIort ])criod  solar ])[:ltlllb~it,iolls,
and a IIuml)cr  of sJuallcl’  tCJ’lllS.  1 [C also CXtclldd thC theory t o Scc(md 01’(1(’1’ ill tll(?

l o n g i t u d e .  IYoltl  a com])arison  with a 60 day nulncrical intcgrat,ioll, IIc cstiluatcd
tllc tllcory  to l)C acc.uratc to Letter than 100 m for both satcllil(s.
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WC> ]Iavc M1O}JICXI  tlIc Sj]lclair-hflorlcy  tlIcwry as t,lIc ba s i s  for hlartial)  s a t e l l i t e
c])l]cvncridcs  to he dcvc]opcd  iII support of J 1’1,’s Mars lk})loralio]l  l’mgram.  ‘1’IIc

tl)co]y ’s accuracy  is ]Morc t]lm sufficient  for cul’]c’]]t]y  ])rc)j(’cl,cd  s]lac.ccraft, o])cr;l -
tiolls needs. hlorcovcr,  jts fully analytical  nature ])mnits  lllc)(lifi(i~tio])s  and updat,cw
in light of future olmrvations  a]ld i]]lprovc’]nc]lts  ill tlIc  hlii]tiiiu gravity  field ])ara III-
ctcrs.  As ])art of i,lIc: il)itial  verification of t,hmry, wc coIII})arwl  our ir]l])l(~lll(~lltati(~ll
i,o a 60 day llul~lcrical  iIItc:gra.tion  aIId found, as did hlorlcy, all accuracy I)dl,cr
tllall 100” Inctcrso WC tlIeII  cxtcIIdcd  the colnpalisoll to 20 years (7300  c l ays )  fo r
l’hobos  and 80 ycam (29,220 da.ys) for ])cimos. ‘1’lIc forlner  mlll])arisoll  covmwd  a
t i m e  sl)alI al>out,  1.8 tililcs  tlIc longest ])crjod  ill lIIC l’lIolms tlIw)q, aTI(l tlIc latlcr
covered almut  1,5 times 1,1 Ic loIIgcxt  period iu l)cilllos  tlIcx)Iy. ‘J’llelollg])rlic){l  COIII-
j)arjsoll  suggmtcd  that tlIc theories  WC](:  good to oIIly 300” nlct,c’rs for l’lIolJos  and
{)00 lll{:t(~ls  for  ])cjlllos. Ali, ]loll~]I t,]Icw. acculacjcs arc still  adcvluatc for  ou r  CUIICIIt
])UT])OSCS, wc IIIadC  aII attcln])t to recovm the 100 lnctcr  accuracy l)y ]nodifyillg  tllc
i,lIcory.  ‘J’llc cllangcs included: (1 ) basing  tllc ],aplacjall ]Jlallcs ill  o] I ]IIealI  distallm
fro]]l Mars ratllcr than  011 tlIc semi-~najor axis; (2) ]]lorlifyi]lg tllc colll])ut,atioll  of
tlIc secular ]mturbatliol~s  to usc tllc scnnilatus  T{ ’ctum ills(c~ad  of scln-lllajor  axis
alId cc.celltricit,.y;  (3) replacing the J; secular l)clturl)atioIl  w’itll  tllal of Killosl lita
( 1 9 7 7 ) ;  (4) addil)g t,l,c J~/Jz, J;, a,,cl JzJ~ secular ]l(rlllll,;lti[},,s fro,,, Ki,,osl,ita
(1977) ;  (5) adding  the 35 al,d J7 perjodic ],c]i,t]~l,atio],s  fro],, l\rouwcr  (1 959); (6)
jllcorporati]lg  additional  terms  in  tlIc J2 2  pcrioclic  ])crturl)ations  ((;llillll, 1991 ); (7)
rc])lacillg  tlIc original loIIg pcric)cl  mmn  loagitudc  ])cv’turhatioll  duc t o  J2  and t,lIc
SUII  will]  a  more  ])recisc cxl)rcssioIl;  (8) acldiug  ;idditiollal  loIIg  ])[’riod so la r  per-
turl~atbll  tcvIIIs.  After the changes the l)hc)bos  accuracy ilil])roved  to aboui  120
IIlctc’rs, Close to our goal. ]Iowcvcr,  the 1 )Cjn)os  accuracy illl])rovwl  to only about
!500 IIlct,cm. It  is liInitcd  by a l o n g  ])criod  meat] longitude  tfl’cct, the sourm  o f
wllicll  i s  currcnt]y  unknowli,  and by illsuf[ic.icml,  iiccl]]ti~,y  in tlIC {l~:tt}llllil):~ti{)ll  o f
tllc l,aplacian  ])lallcillclillatioll.

‘I’llis  ])a])crc lcscrjbcsol  ]rcxtc]}[lcd  Sillclail  -h4011cytl](  :ol~fo]tll  (’hOaltia]i”  satcl-
litm.  ltolltlilles  tllcorjgillal  tllc'ory, ]Jlesc]ltst  llc]ll(Jdificati  c)]lsall(l;  \(lditiollalt  c]]]ls,
and col~]])arm t,llc t,llcory  wit,ll  ]Iu]llcric.al  i]]togralio]i. ~’lIc lat(cr coIII]mrisoIIs  ilk
c]ude an cxalni]latio]] of thccmts of ncg]cct,cd  twins in I,IIc tllcoly. WC also provide
a coln])arisoll  wjtll  onc of the oi,hcr colnpctillp; dyllall]ical  hjartiall  satc~llitc  tllcorics,
IIalilcly tlIc l; SA1’110/lIXAl)l+)  tlIcory (Cllaporjlt-  ‘J’0uz6,  1988,  19!JOa, 19901)).  l’i-
IIally wc discuss tllc limitations of tllc theory ill the colllcxt of its uscI 10 su])])ort
J1’1,’s  hlars l;x]doratio]l  l’rogram.
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